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Abstract

Introduction: Volatile organic compounds (VOCs) are found in enclosed
living environments. High level of indoor VOCs are linked to negative health effects
such as asthma and allergies.
Purpose: The purpose of this study was to determine indoor daily activities
of the students in their housing rooms and how they affect the air quality.
Methods: Three vacant rooms as baseline and ten occupied rooms were used
selected for the study. Three different monitors, including formaldehyde, VOCs, and
ozone, were placed on the bedposts of the selected rooms and were collected after a
period of 48 hours. At the time of air sampling, the students who lived in the
selected rooms were asked to complete a questionnaire regarding their daily
activities. At the completion of the 48-hour time period, the monitors were sent to a
laboratory for data analysis. The total VOC levels above 500 mcg/m3 and
formaldehyde levels above 0.016 ppm were considered high.
Results: The results of VOCs that were obtained during the research include
VOC levels that are primarily within acceptable levels of concentrations per
compound. Two of the baseline rooms had overall levels that were lower than the
500 mcg/m3 at 448.17mcg/m3 and 306.14 mcg/m3. One of the baseline rooms had
the highest levels of VOC concentration than any of the other rooms in the study at
4613.30 mcg/m3. This room was excluded from the study. Three rooms were
identified to have aggregate VOC levels higher than the recommended level of 500
mcg/m3. Of the 12 rooms monitored for formaldehyde, two rooms were over the
CDC recommended level of 0.016 ppm. Participants who had newer furniture and
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used cleaning products within the 48-hour time period of this research had higher
levels of VOC concentrations than those who did not. Those who had lower levels of
VOC concentrations ventilated their living areas or spent minimal time there during
the 48-hour period.
Conclusion: Students’ daily activities in their rooms and their lifestyle affect
the level of indoor VOCs. An educational guideline in order to reduce VOCs in living
areas would be beneficial in reducing the level of VOCs.
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Background

Many people live life without giving a second thought how their everyday actions
could possibly have a negative effect on their overall health. Due to advertisement and
education of the public, many understand the negative health effects associated with the
use of certain substances, such as smoking tobacco or drinking alcohol. However, many
do not stop to pause about how living a regular life could set a chain of events that could
overall have an impact on health. Small actions, such as using hairspray or body spray,
using air freshener, using certain cleaning products, leaving the window closed, not
owning plants, could have an accumulative effect on health, particularly that of
respiratory health. Even individuals who abstain from substance use could develop
chronic health issues without realizing that their personal habits have an impact on their
health through the long-term exposure of certain chemicals, known as volatile organic
compounds (VOCs) (Kankaria, Nongkynrih & Gupta, 2013).
This research explores how daily activities could affect the levels of VOCs within
student living areas. The aim of the research is to determine what daily living habits
contribute to higher levels of VOCs as opposed to others, and what can be done in order
to decrease the amounts to a healthier level. It is inevitable to live absolutely chemicalfree, as these chemicals are found in many common household and hygiene products
(Kankaria, Nongkynrih & Gupta, 2013). However, there are steps that can be taken in
order to keep these levels down.
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Review of Literature

The review of literature performed utilized the Science Direct (Elsevier) database
and CINAHL. The key words utilized included environmental hazard, volatile organic
compound (VOC), and indoor air pollution.
Delgado-Saborit et al., (2009) conducted a study to determine the personal
exposure of volatile organic compound (VOC) concentrations within different
microenvironments. The experiment included seven different scenarios where VOC
concentrations were measured to include home; workplace; home and workplace; time
spent at both home and workplace; time spent in both home, workplace, and the
environments encountered between the two; time spent in home, workplace, and
environments encountered between the two, as well as physical activity within each
microenvironment. The purpose for this study was to identify the different VOCs that are
encountered in daily microenvironments and determine the levels of concentrations
encountered within each of these environments. As high levels of concentrations of
VOCs can result in a “wide range of acute and chronic health effects, such as sensory
irritation, nervous system impairment, asthma, and cancer,” (Delgado-Saborit et al.,
2009) determining the level of exposure and concentrations of these chemicals in
different microenvironments in the differing conditions could help determine which of
these environments contributed more to higher exposures to VOCs. This knowledge
could then be incorporated into public health regulations, protecting the population
against the chemicals’ adverse effects against health (Delgado-Saborit et al., 2009).
Salonen et al., (2009) studied the levels of VOCs within the environments of
enclosed office buildings. The indoor air of a total of 176 offices in Finland was sampled
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in order to determine the levels of total volatile organic compound (TVOC) within the
enclosed environments. The samples were taken in the center of the rooms utilizing gas
chromatographs. Analysis was then done in order to identify the levels of individual
compounds present within the samples (Salonen et al., 2009). In addition to VOCs, the
room samples were also tested for levels of concentration with regards to formaldehyde
and ammonia. As a result of this study, office environments with open and efficient
ventilation systems had the lowest concentrations of TVOC, whereas office environments
with insufficient ventilation systems proved to have the largest concentrations of TVOC
(Salonen et al., 2009).
Lihua, Xinxing, Guoxin, and Xin conducted an experimental research study in
order to focus on identifying what trace chemicals were emitted by human metabolism
and the amount emitted with regards to different levels of activity while in space. Within
the study, twenty healthy male volunteers were selected for observation. They were
between the ages of 28 and 40 years. These males were in good health with no chronic
disease. The diet of the subjects throughout the duration of the study consisted of the
standard Chinese diet. The subjects only drank water for the duration of the study. During
the study, each of the subjects wore a closed lab coat with an airtight seal that was
“equipped with thermometer and sampling connectors” (Lihua et al., 2012, p. 13). In
order to determine the levels of trace chemicals emitted in space, the subjects were asked
to perform basic activities that simulated astronautical activities in space. These activities
included “sleeping, maintaining quietness, and performing mild and moderate exercises”
(Lihua et al., 2012). Each of the subjects conducted these activities in a spacecraft
module within a specified amount of time per activity, and samples from the lab coats

Promoting Healthier Living

8

were taken from “the expired air, skin gas, and sweat of each subject” (Lihua et al.,
2012). Gas chromatography was utilized to detect VOCs, methane, and carbon monoxide
in this study. As a result of this study, it was identified that “11 chemical compounds
were found in expired air of 20 subjects” (Lihua et al., 2012). As predicted from the
beginning of the study, the higher the level of physical activity, the more metabolic
chemical compounds were emitted.
Nazaroff (2013) identifies four ideas that would ultimately help achieve improved
indoor air quality. These four principles include minimizing the indoor air emissions,
keeping the area dry, adequate ventilation, and protections against outdoor pollution
within the indoor environment (Nazaroff, 2013). When minimizing indoor air emissions,
Nazaroff specifically indicates the need to reduce VOCs with regards to furnishings,
building materials, and products that are used indoors (Nazaroff, 2013). In order to do
this, Nazaroff outlines four key principles that will ultimately help in the reduction of
indoor VOCs. These include “(i) developing an improved understanding of the specific
chemical and particulate emission that occur from products and processes indoors, (ii)
characterizing the factors that influence the emissions, (iii) developing insight into how
indoor emissions influence exposures, and (iv) understanding how exposures contribute
to health risks” (Nazaroff, 2013, p.354). Keeping the indoor environment dry includes
limiting water in the environment through the utilization of local exhaust vents during
cooking and showering. In so doing, this will minimize or prevent water damage within
the building, as well as the growth of indoor molds (Nazaroff, 2013). Ventilation of the
building helps to limit the accumulation of chemical concentrations that are unavoidable,
such as metabolites secreted from human occupants (Nazaroff, 2013). Where outdoor air
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pollution is concerned, Nazaroff (2013) points out the need to protect against fine
particulate matter and ozone. He suggests limiting these particular compounds through
the use of “activated carbon or chemically impregnated filters” (Nazaroff, 2013, p. 355).
Overall, these four principles, if followed, will help improve the indoor air quality, thus
improving the overall health of the occupants within the building environment.
Massawe and Vasut (2013) focused on factors that affect air quality within the
public school system in Tangipahoa Parish, Louisiana in order to minimize air quality
related health issues and maximize student participation in schools. They identified some
key factors that impact air quality that include humidity, air temperature, and movement
around the room. Other factors also include aerosol products such as cleaning agents and
air fresheners, as well as humidity and cooling systems (Massawe & Vasut, 2013). As a
result, “poor indoor air quality (IAQ) may cause fatigue in classrooms and as a result
leads to poor academic performance” (Massawe & Vasut, 2013, p.23).
Lehmann, Christensen, Maddaloni, and Phillips (2015) discussed the role of
VOCs, particularly polychlorinated biphenyls (PCBs), in affecting the health of the
populace. In 1979, PCBs were banned. However, they can be released into the air from
old construction building materials. PCBs used to be added to building materials such
elastic sealants, caulking, grouts and paints, tiles, and wallboards (Lehmann, Christensen,
Maddaloni, & Phillips, 2015). Health effects of exposure to PCBs in the animal studies of
on rats, mice, rabbits, and guinea pigs showed histological changes in the thyroid and
thymus, increases in serum thyroid hormone concentrations, and a significant decrease in
normal exploratory behavior. Notably, the inhalation exposure level tested on these
animals was within the range of concentration observed in some public buildings
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(Lehmann, Christensen, Maddaloni, & Phillips, 2015). Epidemiologic studies have also
been conducted, and it has been noted that exposure to PCBs may affect levels of thyroid
hormone, increase the susceptibility to infection, decrease antibody responses to
immunization, and also have cognitive effects in children. Additionally, PCBs have been
noted to accumulate in fatty tissues. This in turn can have an affect with pregnant women
passing these chemicals to their babies either in utero or while breastfeeding (Lehmann,
Christensen, Maddaloni, & Phillips, 2015).
Ghosh, Wilheim, and Ritz (2013) discussed how indoor air pollution, including
tobacco smoke and the off-gassing chemicals from furniture contributed to indoor air
pollution that affected the birth weight of fetuses. Fetuses exposed to tobacco as well as
VOCs that were present in cleaning solvents, personal products, residential insecticides
as well as personal products at certain levels were correlated with preterm as well as term
low birth weight (Ghosh, Wilheim, &Ritz, 2013). This study utilized electronic birth
certificates for selecting gestational age and birth weight for case (premature birth and
low birth weight) and control group (full-term normal birth infants) (Ghosh, Wilheim,
&Ritz, 2013). Survey questionnaires were sent out to over 2,000 mothers in the Los
Angeles County seeking for information regarding personal smoking habits as well as the
consumption of alcohol and other household characteristics. Analysis was restricted on
households that reported to be tobacco free (Ghosh, Wilheim, &Ritz, 2013).
Furthermore, ventilation was assessed and questions over use of personal products were
also asked through the questionnaires (Ghosh, Wilheim, &Ritz, 2013). The results of the
study concluded that “mothers who lived with 1 or more smokers had approximately 30%
increased odds of term LBW and preterm birth” (Ghosh, Wilheim, &Ritz, 2013, p. e2). In
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conclusion, the results showed more positive outcomes with birth weight and overall
health of the fetus resulting from mothers who ventilated their homes for at least half the
day as opposed to those who did not (Ghosh, Wilheim, &Ritz, 2013).
Kankaria, Nongkynrih, and Gupta (2013) conducted a review article over how
indoor air pollution can affect health. Furthermore, they detailed out steps in how to
reduce indoor air pollution, primarily focusing on fuels used for indoor cooking.
Kankaria, Nongkynrih, and Gupta postulated that the major sources of indoor air
pollution in developed countries include “radon, asbestos, pesticides, heavy metals,
volatile organic compounds, and environmental tobacco” (Kankaria, Nongkynrih &
Gupta, 2013, p. 203). Indoor air pollutants, such as VOCs, may off-gas from building
materials, personal care products, and cleaning materials, or may come from “ollutants
like dust mites, molds, pollen, and infectious agents produced in damp environments
(Kankaria, Nongkynrih & Gupta, 2013). Health issues that occur from indoor air
pollution include pneumonia, chronic obstructive pulmonary disease, and lung cancer
(Kankaria, Nongkynrih & Gupta, 2013). These health issues stemming from indoor air
pollution had a large effect on women and children seeing as how they spend the more
time at home than their male counterparts (Kankaria, Nongkynrih & Gupta, 2013).
Formaldehyde was also identified to be a chemical that is found indoors, and high levels
of concentration were linked to adverse health effects, such as bronchitis, leukemia,
asthma, allergies, and lung cancer” (Kankaria, Nongkynrih & Gupta, 2013). Kankaria,
Nongkynrih, and Gupta (2013) explained that some key measures for improving indoor
air quality, such as public awareness, improved ventilation, and the use of clean
household energy.
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Methods

We started the study by first seeking for a grant from the University of Alabama
in Huntsville (UAH) Green Fund. The grant was awarded to facilitate the research.
Institutional review board (IRB) approval was received from UAH (see Appendix A and
B). Participants were students who lived in the residential halls at UAH who agreed to
participate in this research. In order to make the study as accurate as possible, we
searched for buildings that were similar in age. We tried to obtain rooms that had
furniture, carpet, and paint that were all around the same age when searching for our
control rooms. We contacted the director of housing and residence life director to
coordinate in full and vacant rooms. In order to keep the constants the same regarding
similar building age as well as similar paint, carpet, and furniture, we settled on testing
only one building for the control data as well as the subject data. Only three empty rooms
were available, so we used those for the control data. Thirteen students were identified as
willing participants for this research. Of the 13 willing students, only 10 students ended
up participating in this study.
At the start of the study, we coordinated with the director of housing as well as
the central campus residential director for empty rooms to be used as baseline. In
addition, they director of housing and the central campus residential director also assisted
in helping us find willing participants for the study. Flyers were created for recruitment
of the participants (see Appendix C). These flyers were distributed by the central campus
residential director and ten subjects agreed to participate in this study as a result. Prior to
the start of the study, I met with the participants and presented to them the research.
Consent was obtained during this meeting.
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Three monitors, including a VOC, formaldehyde and ozone monitor were placed
in each room. See Appendix D for a total listing of all VOCs monitored in this study. The
monitors were placed on bedposts of the room and were retrieved 48 hours after
placement. The subjects were asked to fill out a questionnaire regarding their activity
during the 48 hours the monitors were in their rooms. At the completion of the 48 hours,
all the monitors and questionnaires were picked up. The ozone monitors were read at the
completion of the 48-hour period. The film on the badge would change from blue to
white if the ozone level were greater than 0.05 parts per million (ppm) (Safeair ® System,
1997). When the badges were read, the film on the monitors remained blue, verifying that
the levels of ozone remained below 0.05 ppm in the rooms measured for this chemical.
The VOC and formaldehyde monitors were sent to Advanced Chemical Sensors Inc. for
analysis of the levels of chemicals that were detected. The chemical analysis reports for
the formaldehyde and VOCs returned within 3 weeks of the monitors being sent for data
collection. The chemical information was compared with the student activity logs in
order to attempt to identify how the student activity affected the chemical levels detected
in these rooms. The monitors were set to identify 78 different VOCs. Aggregately, the
monitors picked up a total of 22 different VOCs.
Results
The VOCs that were noted to be higher in concentration compared to the others
included isobutene, butane, ethyl alcohol, and acetone. Of the three control rooms, one
room revealed a higher total VOC level than any of the participant results. This room did
have a student living in the adjacent room in the suite and the student’s activities could
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not be monitored, thus the high levels could not be verified. As a result, this room was
not included in the comparison of data.
For the formaldehyde, the average result was that of 0.013 ppm. One room had a
level of 0.023 ppm. Advanced Chemicals Sensor Inc. recommended that the maximum
safe level of exposure for formaldehyde was 0.05 ppm (Locker, 2015, p. 1). However, the
National Institute of Occupational Safety and Health (NIOSH) handbook for the Center
of Disease Control and Prevention (CDC) states that the maximum safe exposure be set at
0.016 ppm (Centers for Disease Control and Prevention, 2015). Of all the rooms tested,
one control room and one participant room exceeded the recommended level of 0.016
ppm at 0.018 ppm (control A1528F89) and 0.023 ppm (participant A3142F50)
respectively. For all results, see Figure 1.
Level of Formaldehyde in the Student Living Areas

Level of Formaldehyde

0.025
0.02
0.015
0.01
0.005

Series1

0

Participants

Figure 1. Results of the Formaldehyde Monitors. Recommended maximum dose of
exposure by NIOSH is set at 0.016 ppm.

Promoting Healthier Living

15

The U.S. Green Building Council recommends that maximum dose of overall
VOC exposure in a room be that of 500 mcg/m3 (Locker, 2015). Of the 10 participants, 3
participants exceeded the maximum dose of 500 mcg/m3. Their results were 707.70
mcg/m3 (participant A128F37), 1428.24 mcg/m3 (participant A1594F21), and 4021.74
mcg/m3 (participant A6319F64) respectively. Conversely, there were participants that
had VOC levels far below the recommended maximum level. There levels were at 170.81
mcg/m3 (participant A1594F21), 146.70 mcg.m3 (participant AA1498F54), and 147.90
mcg/m3 (participant A3142F50). For VOC results see Figure 2 and Tables 1 and 2.
In order to determine what caused the difference in levels, analysis was done
based on the activity logs created by the participants, interviews with participants, as well
as from follow-up correspondence by electronic mail (e-mail). The activity logs were
instrumental in helping decipher whether the participants spent a lot of time in their
rooms, if they had new furniture, and if ventilation practices were utilized. Interviews
helped determine specific activities and potential health issues that the participant may be
experiencing. Follow-up emails were sent to clarify what types of chemicals were used
when the participants stated that they used cleaning sprays, hairsprays, or body sprays.
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Level of VOCs

Level of VOCs identified in the Participant
Student Living Areas
4500
4000
3500
3000
2500
2000
1500
1000
500
0

Series1

Participants

Figure 2. Results of the VOC Monitors. Recommended maximum dose of exposure by
3
the U.S. Green Building Council is set at a maximum of 500 mcg/m .

Based on the responses, the A1287F37 reported having new furniture in the room.
The participant spent over 11.5 hours outside of the room in 48-hour period. Upon
interview of the participant, it was determined that the furniture was not new; therefore
the potentiality of the piece off-gassing was minimal. The participant did use hairspray
and used scrubbing bubbles and Pinesol® to clean the adjacent bathroom. Although the
participant did own a fan, the participant admitted to not using the fan during the study.
When asked if the participant experienced health symptoms when in the room, the
participant did admit to having occasional watery eyes.
Participant A1594F21 reported cleaning the living area with Febreze ® cleaning
spray. The participant does ventilate the room with a fan and by opening the window in
the room. The participant stated spending over 6 hours out of the room. Upon
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interviewing the participant, the participant stated using cologne during the time period
When asked if the participant experienced any negative health effects, the participant
admitted to have a strong cold including sore throat, nausea, and fatigue.
Participant A6319F64 reported to having cleaned the room with cleaning products
including Lysol ®, Windex®, and Clorox ® during the 48-hour monitoring period. The
participant also reported having new furniture, using nail polish and nail polish remover,
air freshener, bug spray as well as dry-erase and permanent markers. The participant also
reported not ventilating the room during the 48-hour period. During the interview, the
participant stated observing insects in the living area and using Raid ® insecticide to
destroy the insects. The participant sprayed the entire room and closed the door and left.
When the participant returned to the room, the participant proceeded to clean the entire
room using the Windex ®, Lysol ®, and Clorox ® cleaning sprays. The participant also
stated using a nebulizer during this time. When asked if the participant experienced any
negative health effects, the participant admitted to have asthma and persistent allergies.
The participant stated feeling “sick all the time.”
Conversely, the 3 participants who had lower levels of VOC either ventilated their
rooms by opening windows (participant A1498F45), by opening windows and utilizing
fans (participant A3142F50)), or by staying out of the room for a majority of the time
(participant A1849F93).

Promoting Healthier Living

18

Promoting Healthier Living

19

Promoting Healthier Living

20
Limitations

Regarding the subjects, 13 were identified as potential subjects, but only 10
participated due to the age limit of the study. The residential rooms that were utilized
were suites. These suites included four rooms and two bathrooms per suite and a common
room. Since each subject shared the suites with students that were not participants,
chemical tracking could only be conducted within the personal rooms of the subjects.
Common areas such as bathrooms and common rooms could not be monitored without
the explicit consent of the remaining suitemates. Since the suitemates did not give
consent for this study, the monitors could not be utilized in areas where these individuals
were present. The activities of the suitemates could have affected the overall levels of
VOC concentrations in the participants’ rooms, but this information could not be verified.
This study only involved monitoring student activities during a 48-hour period.
The VOCs detected may not be a direct reflection of whether or not the participants live
in chronic exposure to the identified chemicals in this study, particularly those who
returned with VOC levels higher than the recommended concentrations, or if the levels
were directly related to single events that momentarily increased the levels of VOCs in
the monitored area.
Discussion
Formaldehyde is a common chemical that is detected in adhesive material,
bonding agents, and solvents. It can be found in construction material including “particle
board, plywood, paneling, pressed-wood products and cosmetics” (Minnesota
Department of Health, 2015). High levels of exposure to formaldehyde could create
adverse health effects. These effects include irritation to the eyes, nose, throat, and
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respiratory system. lacrimation, coughing, or wheezing (CDC, 2015). It’s also considered
a potential carcinogen (CDC, 2015). Many people start to experience these symptoms at
0.1 ppm of air. As a result, the California Resources Board recommends that air
concentrations be maintained at 0.05 ppm (Locker, 2015). However, Centers for Disease
Control and Prevention (CDC) states that formaldehyde exposure limit be set at 0.016
ppm (CDC, 2015). Our study revealed that two different rooms were above the CDC
level of exposure safety. One of the control rooms measured formaldehyde at 0.018 ppm
and a participant’s room measured at 0.023 ppm. Although both rooms were well under
the maximum level set by California Air Resources Board, they were slightly elevated for
the CDC recommendation. The participant whose room measured 0.023 ppm admitted to
having throat irritation when in the living area in extended periods of time.
Of the 22 different VOCs that were detected during this 48-hour period, four
different chemicals were more prominent than others. Each room had a differing level of
acetone, isobutene, butane, and ethyl alcohol. Many VOCs come from building materials
such as carpets, furniture, and paint; personal care items such as air fresheners, cleaning
products, hairspray; and behaviors, such as cooking, reading the newspaper, and hobbies
(Minnesota Department of Health 2015). The primary sources of VOCs in this study
included hair spray, insecticide spray, cleaning sprays, and computer usage.
The concentrations of indoor VOCs primarily are affected through the amount of
VOCs that are in a product. Newer products tend to have higher levels than old or used
products. The rate in which VOCs are released from a product also affect VOC
concentration. This is known as off-gassing. Ventilation is also another factor that affects
concentration levels of VOCs. The more ventilated the room is, either through fans or
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opening windows, the lower the concentration will be of VOCs (Minnesota Department
of Health 2015).
Common side effects of exposure to VOCs include irritation to eyes, nose, and
throat, headaches, dizziness, nausea and vomiting, or worsening of asthma symptoms
(Minnesota Department of Health 2015). Most of the VOCs that were detected in this
research were well within the limits set by the CDC to be considered safe. Of the VOCs
that were identified in this research that were in larger concentrated amounts than others,
butane was the most significant find within one participant’s living area. The CDC limit
for butane is 1900 mcg/m3. The level detected was 3517.98 mcg/m3. Negative health
effects for this particular VOC include drowsiness, narcosis, and asphyxia (CDC 2015).
The participant that experienced this high level of butane complained of asthma and
persistent allergies.
Although it is not possible to completely eliminate VOCs, it is possible to reduce
the risk of high concentrations of VOCs. The two most important ways to decrease VOCs
is to minimize the emissions of these chemicals and to ventilate. Minimizing the
emissions includes off-gassing new furniture prior to bringing it indoors. It also includes
limiting the amount of certain hygiene products such as body spray, hairspray, or
perfume and decreasing the frequency in use of these products. Another way to control
emissions of VOCs is to buy used furniture or other products that contain very low if no
VOCs (Minnesota Department of Health 2015). When products need to be used that
contain VOCs, such as cleaning products, ventilation of the room should be practiced, or
safer products such as baking soda and vinegar should be used. Either opening a window
or circulating the air with a fan can accomplish ventilation of a room. As stated by
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Nazaroff (2013) in the review article, “Four Principles for Achieving Good Indoor Air
Quality,” “Good ventilation is needed to limit the accumulation of emissions that cannot
be avoided, such as bioeffluents from building occupants” (p.354). Individuals who are
more highly affected by VOCs include those with upper respiratory conditions such as
asthma, the very young and very old, and those who are immunocompromised
(Minnesota Department of Health 2015). Since VOCs tend to exacerbate the symptoms
those who suffer from upper respiratory disorders such as asthma, reduction of VOCs
through ventilation can reduce these exacerbations.
Conclusion
VOCs that were obtained during the research include VOC levels that are
primarily within acceptable levels of concentrations per compound with the
exception of two different rooms. Formaldehyde levels were also primarily within
acceptable levels with the exception of two rooms unrelated to the rooms with
higher than normal VOCs. Health effects were noted in the rooms of the participants
who had concentrations of VOCs that totaled higher than 500 mcg/m3. Health effects
were also noted in the participant with formaldehyde levels higher than 0.016 ppm.
Participants that ventilated their rooms either through the use of fans or opening
windows had lower levels of VOC concentrations than the participants who did not
practice ventilation. More research needs to be done in order to find the correlation
between student activity and VOC levels in on-campus housing areas. Further research
also needs to be conducted to identify whether or not the participants in these living areas
are experiencing any health-related issues that could be attributed to the exposure of the
VOC concentration in their rooms.
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APPENDIX D
Total Volatile Organic Compounds Monitored
Acetone
Acetonitrile
Acrylonitrile
Allyl Chloride
Benzene
Benzene, 1-Chloro-4
(Trifluoromethy)l
Benzyl Chloride

Dimethyl Sulfoxide
Dioxane
Ethyl Acetate
Ethyl Alcohol
Ethyl Benzene

5-Methyl-2-Hexanone
Methyl Methacrylate
Methyl-t-butyl Ether
Methyl Styrene
Methyl Chloride
Pentane
Pentane Isomers

1,3-Butadiene
Butane
2-Butanone (MEK)
2-Butoxyethylacetate

2-Ethyl-1-Hexanol
Ethyl Ether
2-Ethylhexyl
Acetate
Ethyl Methacrylate
4-Ethyltoluene
Heptane

Pentyl Acetate
2-Pentanone
Perchloroethylene
n-Propyl Acetate
Propylene Glycol Methyl Ether
2-Heptanone
Acetate
n-Hexane
Propyl Benzene
Hexane Isomers
n-Propyl Bromide
1-Hexanol
Propylene Oxide
Hexone (MIBK)
Pyridine
Isobutane
Styrene
Isopropyl Alcohol
Tetrahydrofuran
Isooctane
Toluene
d-Limonene
1,1,1-Trichloroethane
Methyl Acetate
Trichloroethylene
Methyl Acrylate
1,2,4-Trimethylbenzene
2-Methylbutane
Vinyl Acetate
Methyl Chloroform Vinyl Chloride
Methylcyclopentane Vinylidene Chloride
Xylene

Butyl Acetate
Butyl Cellosolve
1-Butyl Alcohol
2-Butyl Alcohol
Carbon Tetrachloride
Cellosolve
Chlorobenzene
Chloroform
Cyclohexane
Cyclohexene
Cyclohexanone
Dibromochloromethane
1,4-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane

